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A sensitive and reliable method for the determination of bismuth 
with naphthalene is described. It is based on the formation of the 
bismuth chinoform complex, the extraction of the bismuth complex into 
molten naphthalene, air-drying of the naphthalene mixture, dissolution 
of the mixture in dimethylformamide and determination of bismuth by 
absorbance measurement at 413 nm. The complex is relatively stable 
and its absorption obeys Beer's law over the range 10-160 ~g bismuth 
in 10 ml of dimethylformamide solution. The main advantages of the 
method are the higher stability and solubility of the complex, as well 
as the higher extraction rate, in the case of molten naphthalene. The 
method has more high sensitivity than chloroform method. 
Introduction 
The determination of metals was classically made by the simple 
gravimetric and volumetric methods, but these were unable to analyse 
the trace amounts of metals. Since 1930, spectrophotometry has been 
extensively used to determine the small amounts of metals along with 
the development of instrumental technique. In addition, solvent ex-
traction method becomes one of the most popular methods for the spec-
trophotometric determination of trace metals. This method is pro-
ceeded with the formation of metal complex, the extraction of the metal 
complex into organic solvents and the determiantion of metal by ab-
sorbance measurements. 
We have developed a new method for the spectrophotometric deter-
mination of trace metals using naphthalene as a extractant, as well as 
chloroform or benzene extraction method. 
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Chinoform(5-chloro-7-iodo-8-hydroxyquinoline) used as intestines~ 
sterilizer has lately attracted much attention to the cause of the 
smon disease. This reagent reacts with various metal ions to form 
water-insoluble complexes, which are extracted into molten naphthalene. 
The extracted naphthalene crystals are dissolved in appropriate organic 
solvents and the trace amounts of metals are determined spectrophotome-
trically. In the present paper, a new spectrophotometric method for 
the determination of trace amounts of bismuth is reported. 
2 Experimental method 
Reagents and apparatus 
Standard bismuth solution(lO ppm) was prepared by diluting 10ml 
of standard bismuth solution(lOOO ppm, Wako Pure Chemical Company) to 
1000 mI. 
Chinoform(Tokyo Kasei Company) was used without further purifi-
cation. A 0.1% solution was prepared by dissolving 0.1 g of this re-
agent in 100 ml of ethanol. 
Buffer solution was prepared by mixing 1M acetic acid and IMam-
monium acetate solution, or 1M ammonia water and 1M ammonium acetate 
solution. 
All other chemicals were of analytical-reagent grade. 
Deionized water was used. 
The absorbance measurements were performed on an Hitachi 200~20 
spectrophotometer, in matched 10 mm glass cells. The pH values of the 
solutions were measured with a Toa Dempa, HM-5A, equipped with combined 
glass and calomel electrodes. 
3 Procedure 
A sample solution (about 35 ml) containing 1-16 ml of 10 ppm 
bismuth solution, 2.0 ml of the buffer solution(pH 5.5) and 7.0 ml of 
0.1% chinoform solution was placed into a tightly stopperd Erlenmeyer 
flask and warmed on a water bath at a temperature above 90°C for 15 min. 
After addition of 2 g of naphthalene, the mixing solution was warmed in 
a water bath. Shake it vigorously till naphthalene solidifies forming 
fine crystals. Warm it again and slowly melt the very fine solidified 
crystals suspended in the solution, letting them grow to a larger 
crystalline deposit. Separate the solidified deposit on a filter paper, 
wash with distilled water and blot the surpLus water with a dry filter 
paper. Dissolve the deposit with dimethylformamide. Warm it at 50-
60°C if insoluble. Transfer the solution to a 10 ml volumetric flask, 
fill with dimethylformamide up to 10 ml, and measure the absorbance of 
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the solution in a cell against the reagent blank. 
4 Results and discussion 
4.1 Absorption spectra 
Figurelshows the absorption spectra of the reagent blank and the 
bismuth complex in naphthalene-dimethylformamide solution. The complex 
has an absorption peak at 413 nm, whereas the reagent blank gives a 
plateau between 395 and 430 nm, and above 460 nm there is practically 
small absorption due to the reagent blank. Therefore, 413 nm was 
chosen as the optimum wavelength for the further study. 
4.2 Effect of pH on absorbance 
The relationship between the absorbance and pH of the aqueous so-
lution containing bismuth complex was investigated in the pH range of 
2.0-8.0, and the result obtained is shown in Fig.2. A definite and 
maximum absorbance was obtained in the pH range of 4.8-6.2. 
the solution was adjusted to 5.5 for the further study. 
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4.3 Effect of reagent concentration on absorbance 
The effect of chinoform concentration in the solution containing 80 
~g of bismuth at pH 5.5 on the extraction was investigated, and the re-
sult is shown in Fig.3. It indicates that when more than 4.0 ml of 0.1 
% chinoform solution were added, the absorbance became almost constant. 
Therefore, 7.0 ml of the chinoform solution were taken for the further 
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study. 
4.4 Effect of buffer solution on absorbance 
The effect of the amount of buffer solution on the extraction was 
investigated, and the result is shown in Fig.4. It, indica tes that the 
absorbance was almost constant by addition of 0.5 to 3.5 ml of buffer 
solution, but increased above 3.5 mI. Therefore, 2.0 ml of buffer so-
lution was added for the further study. 
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4.5 Effect of digestion time on absorbance 
The solution containing the bismuth complex was warmed on a water 
bath at a temperature above 90°C and the extraction was performed ac-
cording to the recommended procedure. Fig.5 shows the effect of di-
gestion time on the extraction. The digestion of the complex for up 
to 50 min gave no changes in the extraction. Therefore, 10 min of di-
gestion time were selected for the further study. 
4.6 Effect of addition of naphthalene on absorbance 
The effect of naphthalene on the extraction of the complex into 
molten naphthalene was investigated, and some of the results obtained 
are shown in Fig.6, which indicates that the extraction became almost 
constant by addition of 0.5 to 3.0 g of naphthalene. Therefore, 2.0 g 
of naphthalene were used for the further study. 
4.7 Effect of shaking time on absorbance 
The effect of shaking time on the extraction was examined. The 
extractlon is practically very rapidly, no change was seen in the degree 
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of extraction when the shaking time was varied from 3 to 40 seconds. 
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4.8 Effect of standing time on absorbance 
The mixture of the bismuth complex and naphthalene was dis sol ved 
in dimethylformamide and the effect of standing time on the extraction 
was studied. The result obtained is shown in Fig.7. From these 
experimental data, the colour of the complex in naphthalene-dimethyl-
formamide solution remained almost constant for up to 90 min. 
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4.9 Working curve, molar absorptivity, sensitivity and precision 
Based on the optimum conditions described above, the absorbances 
of the extract for bismuth of various concentrations were measured at 
413 nm. The absorbance of the extract shows a linear relationship to 
the concentration of bismuth in the range of 10-160 ~g per 10 ml of di-
methylformamide solution. The calculated molar absorptivity under 
these conditions was 1.3 x 10 4 l·mol-l·cm-l , the sensitivity being 0.016 
ug/cm2 , corresponding to the absorbance of 0.001. 
Ten replicate determinations of the sample solution containing 80 
~g of bismuth gave a mean absorbance of 0.500 with standard deviation 
of 1.13 x 10-2 (relative standard deviation of 1.6 %). 
4.10 Choice of solvent 
The tests were made with various organic solvents to dissolve the 
mixture of bismuth complex and naphthalene. The mixture is soluble in 
dimethlformamide, dioxane, chloroform and benzene. The colour of the 
complex in these solvents was relatively stable and did not affect the 
absorbance even after 3 hours. The complex in these solvents showed 
the same shape of the absorption curve. The absorbance for the complex 
in dimethylformamide was higher than those in dioxane, chloToform and 
benzene,and the result obtained is shown in Table 1. The sensitivity 
Table 1 Effect of solvents on absorbance 
Solvents Max. wavelength(nm) Absorbance 
DMF 413 0.500 
Dioxane 410 0.370 
Chloroform 410 0.336 
Benzene 414 0.310 
Bi:80 pg , pH:5.5 , 0.1% chinoform:7.0 ml 
of the proposed method is higher than that of chloroform extraction 
method. 
